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t3-1 ¥ September 24, 1975

Mr. Lee Dubach

National Space Science Data Center /-)r 1-7 V'JL-
Goddard Space Flight Center

Greenbelt, MD 20771 J-toret 3

Dear Lee:

I am enclosing a magnetic tape and three rather bulky volumes.
These constitute the record of our so-called "Format D experiment"
on Pioneer 9 during the solar occultation which occurred in 1970-71.

1 am distributing copies of the three volumes to various groups
of research scientists who have shown an interest in studies of scin-
tillation. In order to make sure that the tape recorded data is
permanently available to interested parties, I am giving you our
master tape which includes all these data plus a number of other
data which will serve no purpose for you. The tape contains 25
files of which only files 11 through 15 will ever need to be dis-
tributed to users. Therefore, I have not even explained the card
formats for the first ten and the last ten files. The explanation
for the files 11-15 is given on the attached page.

Beginning in mid-October, I will change my place of work to the
Stanford Research Institute, although for some time I will remain
closely associated with Stanford University and will remain an adjunct
professor here, directing graduate students and some research. Never-
theless, please note that in two weeks, my new mailing address is

Thomas A. Croft
SRI - Building 44
Menlo Park, CA 94025

Sincerely,

Thomas A. Croft ‘

Adjunct Professor

TAC:mal
Enclosure




Data referred to in SU-SEL-75-027 report can be found on file 15, tape
“MTO3 - Format D" '

The format of data on this tape:
Record = 80 characters {card image) S U SR S
44 logical records per block
3520 characters per block

Each group of data is preceded by control card followed by data cards.
49.8 MHz first then 423.3 MHz for each 9D number.

——

" Control card

- 123456789A123456789B123456789C123456789D123456789E123456789F123456789G123456789H
90 1 49.8 1087 129 O0.11911E-14 -119.240 0.43594 -53.202 -44.751

9D 1 = Identification no. for a 30-second record of Format D data
49.8 = Frequency in MHz (either 49.8 or 423.3)
1087 = Total number of Format D Data points in the record
129 = Maximum lag of the autocorrelation function
to be used in power - spectrum estimation

0.11911E-14 = Average power, Watts
-119.240 = Average power, dBM
0.45394 = Estimate of scintillation index
-53.202 = Spectrum normalizing factor in dB
-44,751 = Spectrum scaling factor in dB
Data card

L]

123456789A123456789B123456789C1234567890123456789E123456789F123456789G123456789H
HAM 1 49165 45618 26833 20426 12792 15979 26058 28910 24764 10269 6892 9206

Ham = Card Type ldentifier (Mnemonic for "Hamming Window")
1 = Sequence number of the first data pt. on each card (1,13,25 etc)
49165 = (Normalized spectrum in dB}xi000 (12 entries per card)




Data referred to in SU-SEL-75-026 report can be found on files 11 through
14, tape "MT03 - Format D"

The format of data on this tape:
Record » 80 characters (card image)
44 logical records per block
3520 characters per block

Each group of data is preceded by a control card followed by data cards.
49.8 MHz first then 423.3 Miz for each 9D number.

Control card

123456789A1234567898123456789C123456789D123456789E123456789F123456789G123456 789
9D 1 49.8 0.14812749€ 09 0.14794970E 09  349.407  83.0M

9D 1 = Identification no. for a 30-second record of Format D data
49.8 = Frequency in MHz (either 49,8 or 423.3)

0.14812749E 09 = Sun-Pioneer distance in Km

0.14794970E 09 = Sun-Earth distance in Km

359.407 = Earth - Sun - Pioneer angle, degrees (posigrade)
83.011 = Earth - Pioneer - Sun angle, degrees (posigrade)
Data card

123456789A1234567898123456789C123456789D123456 789 123456 789F123456789G123456789H
FDB 1 1 444 564 559 551 395 535 531 0 536 542 404 436 563 563 561 0
FDB 2 1 433 426 406 399 395 402 O 0 419 394 410 417 426 436 0 0

FDB = Card Type ldentifier
1 = Frequency either {1 = 49.8 MHz)
{2 = 423.3 MHz)
1 = Sequence in record (1 - 68)

From Column 10 onward:

3 digit number = Arriving signal power at the spacecraft
in dBm ?-]0) -1000
(i.e., -156.4 dBm becomes 564)

0 « Recording was blocked and hence is unknown.
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Chapter I

INTRODUCTION

From 1965 until 1975, Stanford operated the dual-frequency
experiment aboard the sun-orbiting spacecraft, Pioneer 6, 7, 8 and 9,
The purpose of that experiment was the measurement pf the electron
content of the solar wind through observation of the difference of
transit time delay at 50 and 423 MHz, Signals at these two frequencies
were sent from earth to the spacec}nrt, which was equipped with
recoiveru and the associated data processing circuitry to obtain the
difference observation and to encode it digitally.

The spacecraft were spinning at about 1 revolution per second
and had a three~lobed antenna pattern., For the purpose of engineering
evaluafion of the instrument status, the spacecraft incorporated a
caqullity to record the strength of each signal about 36 times per
second in 30-second intervals. This recording capability has since
been used as & means for the study of scintillation of the radio
signals in the solar wind, Here we present plots which fora one part
of a study of the scintillation of Pioneer 0 signals over a wide range
of solar elongations,

The Pioneer spacecraft orbit the sun roughly in the same orbit as
that of the earth, but two of them pull steadily shead of the earth and
tvo of them fall behind. In the case of the last spacecraft, Pioneer 9,
it was launched so as to move ahead very rapidly with the result {h;t.
in 1970, 1t reached a point halfway around at which point it was

essentially occulted by the sun, As seen from the earth, the spacecraft
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slowly approached the sun and then, in 1971, emerged from behind the
sun and continued its progress around the solar system, By making
occasional 30-socond recordings of the signal strength as described
above, wo have obtained a body of racordings of the scintillation in
the solar wind which are partially reported here,

This work has led to a unique result; there is no similar data
availeble from any other source, and to our knowledge, there is no
planned spacecraft which is capable of ylelding this kind of data,

We wish to make these results nvailahle to others in the scientific
cormunity who have an interest in solar wind scintillation, Because

of the sheer volume of these data, we have determined that it is
desirable to distribute them in the form of three reports. This report
is the third in that series of three, Here we present the spectrum
plots of the amplitude fluctuations in the radio signal, together with
Plots of the autocorrelation function and listings of the spectra and
scintillation indexes,

The first report provided plots of the amplitude after correction
for the effects of the spinning antenna, The second provided listings
of these same amplitudes. It was visualized that the numbers could be
recovered from that second report by an optical data reader in future
years, TFor a limited time, we will be prepared to provide these data
on magnetic tapes. This third document presents both plots and lists
of the spectra of these same fluctuations, For many purposes, the apectra
are the most informative data forms, The scintillation indexes a;; auto—r
correlation functions have also been calculated and are included, except

that lists of the autocorrelstion functions are not included here,
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These threo documents will receive limited distribution since
they are intendod to serve primarily as a data archive to be used as
a subject for future research in other institutions, No analysis or
dincuqiion is included in any of the three documents; all such discussion
is 1nc1ﬁded in a work now being prepared by Chang, which will also

1nc1gde examples of the more interesting plota, The three reports are:

1, Plots of the signal strength vs, time; "Scintillations in amplitude
of simultaneous 50 and 423 MHz spacecraft signals at many elongations
due to turbulence in the solar wind”, SU-SEL-75-0235, By T. A. Croft,

M. L. Goldman and H, Chang.

2. Listings of the same signal strength records: "Numerical records
of the amplitude scintillations measured by Pioneer 9 at 50 and 423 MHz" .

SU-SEL-75-026, By T. A. Croft, M, L, Goldman and H, Chang,

3. Spectral plots and listings, autocorrelations plots, and scintil-
lation indexes, '"Processed data derived from the Pioneer 9 scintillation
measuioments at 50 and 423 MHz near solar occultation”., BSU-SEL-75-027,

By H, Chang, T. A. Croft and M, L. Goldman,

3 8U-8EL-75-027
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Chapter II

BACKGROUND OF THE SPECTRUM PLOTS

. in the body of this report thore are approximately 200 plots,

eachibf which 1s identically structured and composed of four subplots,
0f these four, the top three show the same spectrum with three
diffetént abscissa scales, The ordinate represents the log of power in'1
decibeia whereas the abscissa is some function of frequency. In the
top Qﬁbplot, the abscissa is the iog of frequency, in the next subplot
it 1s linear in frequency, and in the bottom subplot the abscisss 1s
the square of frequency.

The purpose of the three plots was to aid in the visual search for
evidence of a power-law spectrum, an exponential spectrum or a Gaussian

spectrum, The logic is as follows:

(P w pover, F m trequency,‘k = a constant)

Power Law: IfPax Fk, then log P =« log ¥
. -kF
Exponential: If Pxe , then log P« P
-]@2
Gaussian: ItPxe , then log P = rz

To simplify this qualitative explanation, other constants and some
minus signs have been neglected, The essential point 1is that the
spectrum will tend to lie along a straight line in one of the plots
1f the assumed form agsociated with that plot is correct, ‘

The ordinate axis spans & range in decibels which is given by the

caption in the upper left corner, Thias range was selected by the

4 SEL-5U~-75-027




computer so that its peak is at the level of the strongest point and its
baseline is at the level of the weakest point, The reader must bewsre
that this variation in total scale does not distort his judgement of the
resulting spectral shapes, Along the ordinate axis 1is a tick mark placed
by the computer at either 1 or 10 dB; the 10 dB tick was placed on all
plots where the range exceeded 10, Otherwise the 1 dB tick was used,

In sll cases the baseline is located at 0 dB, the level of the weskast
point.

The scintillation index is éiven numerically above the label
which reads "autocorrelation function". Associated with this is another
1abel which tells the total number of autocorrelation points and
shows how many of them were used as & basis for calculating the spectrun
above. This selection was either 33, 65 or 129; the choice controls the
lowest frequency represented by the spectrum, as is evident in the axis
labels for the "log F" plot.

The bottom subplot on each page shows the autocorrelation function
calculated directly from the data which were given in the earlier reports
in this series., The first few records (particularly 1 through 5) are
non-representative because they are dominated by residual effects of the
spinning antenna pattern, as was discussed in the first report, The
baseline is drawn at the zero level in all cases when the minimum value
of the ordinate is nogative, If the minimum value of the ordinate is
positive, then the baseline is drawn at that level, This uppréach
requires that the reader be careful in observing the axis IIDCII,.b“t
it offers the virtue that the plots are drawn as large as is practical

in the available space,
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Chapter III

SPECTRA OF THE BEST SCINTILLATION RECORDS

During the first © records, the radio path was comparatively
distant from the sun (at least 0.7 AU) and so the stronger scintiliation
records bogin with record 10, Beginning at about record 84, the path
again began to recede from the sun until, by record 98, it was back
beyond 0,7 AU, As a rosult, the prime scintillation records are numbers
10 through 85 or so, but the reco;ds Just before and after this sequence
are of interest because they provide comparative data at greater slon-
gations, Therefore in the prime data set we have included al]l records
originally numbered from 1 through 98, of which 77 are presented here,

Each spectrum is a reflection of the conditions on the day of the

record, and it 1s also influenced by the number of points from the

_autocorrolntion which were chosen for spectral analysis, This choice

was somewhat subjective, and we present in this section only those
records obtained when we made what appears to have been the optimum
choice, In the next chépter we will present the spectra which were
derived from the records made for the purpose of amplitude calibratiom;
these are the same as the records whose amplitude histories were given
in Chapter IV of the first report. In the next following chapter we
will present some spectra calculated for records 1 through 98 in which
we have used alternative choices of the number of points, This will
illustrate by example the manner in which the spectra are lffocto&'by

this choice,
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Chapter 1V

SPECTRA OBTAINED FROM THE AMPLITUDE CALIBRATION RECORDS

Records 99 through 112 were obtained when t’ - Pioneer 9 passed
near the earth after having geined one lap in its race with the earth
around the sun, As was explained in the first report, we operated
for about 15 seconds at one power level and then we changed the power
level for the last 15 seconds of each record, In the case of records
100 through 105 the bit rate was 256, whereas in all other records it
was 512, This lower bit rate caused the record to last 59.5 seconds,
but it also eliminated the sun pulse with a consequent deterioration in
our ability to compensate for the spinning antenna pattern, After
record 105 we returned to the higher bit rate and did the best we
could to achieve two levels of power in the brief 30-second record,
Even 80, in record 108 we switched to low power too early, as ia
evident from the decrease in power level after only 2 or 3 seconds,

AS & result, for record 108 there is only 1 spectrum given here, For
the other records in this group, a spectrum is gtveﬂ‘for the high power
portion of each record and a separate spectrum is given for the low
power portion, To recapitulate, for each record there are four spectra:
high frequency, high power
low frequency, high power

high freguency, low power

low frequency, 1low power
The transition between power levels took several seconds and we
have eliminated the transitional observations since the changing power
would affect the statistice of the fading, As a result, these data

strings are shorter than 15 seconds, on the average,
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Chapter ¥

ALTERNATIVE VERSIONS OF THE PRIMARY DATA

Instead of calculating the spectrum directly from the data, it is
advantageous to calculate the autocorrelation function first and then
to use part of the autocorrelation function as a data base for the
calculation of the spectra. The use of too many terms leads to a
spectrum so noisy that the intelligence is masked, The use of too
few terms leads to spectral shapes having no statistical significance,
The choice is necessarily subjective although, with a 1little trial and
error, it 1s usually obvious where the right choice may lie within a
factor of twoe, During the trials which were made to determine the
gobtimum selection for this project, some spectra were generated which
wore not used in the analytic work that followed., They are presented
" in the following pages since they may be of interest to some readers

" who wish to consider alternate avenues to the calculation of spectra,
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T



Chaptor VI

LISTINGS OF THE SPECTRAL DATA

The reader who 1s famfliar with the second report in this series,
which also contain listings, will find that these listings are almost
self-explanatory, We have chosen to include them in the same report
with their associated plots because so few extra pages are involved that
they do not warrant a Separate report, Also, unlike the FDB data cards,
1t is envisioned that some readers might like to see these 1ietings in
order fo perceive. the atructure of the spectra to a finer scale than can
be conveniently derived from the plots,

As before, there 1s one header card which precedos each body of
data cards, For each record, there is a header plus a body of data
cards for each frequency.

In the header card, there are 10 1tems listed, The first one is
the "9D code signirying Pioneer 9 and 1tl Formnt D, The second itenm
is the record number and. third 1s the radlo frequency of the observation,
The fourth item gives the total number of points in the autocorrelation
function and the fifth gives the numbo;5 which was chosen for spectral
analysis, The sixth and seventh items give the average power, first
in wa;il”and next 1n‘dBm. Next is given an estimate of the lginttllation
index. The last two items are the spectrum normalizing rnctor in
docibell and the spectrum scaling factor in decibels,

The cards which contain the data begin with the 3 letter designator

"HAM" which 18 a mmemonic for Hamming, whose window was used in the data

processing. The first number is the card numbsr, useful as a means for
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detoc” g and correcting a shuffle, F 1lowing this, each data cerd
contains & dozen numbers which give the spectral points in thousandths
of a dB, Thus, 49165 moans 49,165 dB, The base of this scale is the

same as that of the plot; that 1-; zero dB represents the lowest point

in the spectrum, Trailing zeroes in the last card indicate data missing

from the matrix because the number of points used for computation was
not a multiple of twelve,

In this soction, we present only the listing for the first 98
records, The 1listings for the autocorrelation and the 1istings for
the scintillation records of Chapters IV and V are not presented here
but, for a limited time, we will maintain a capability for reproducing
these data on magnetic tapes for use by other investigators who wAy
wish to perform independent analyses,

For the purpose of reproducing the enclosed listings full-size,
we have shortened the HAM cards by removing the designator "HAM" and

also the card number, This was done in a manner which precluded

shuffling, and so the deleted material would have served no purpose

in this listing, Those who use these data on our magnetic tapes should

be wary, since the tapes still contain the designator snd the codes at

the beginning of each data card,
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Chapter I

INTRODUCTION

For almost & decade, Stanford University has operated the dual-
troduency experiment aboard Pioneers 8, 7, 8 and 9, That experimeant
vas designed to measure the electron content of the solar wind through
obhservation of the difference of transit time delays at 50 and 423 Mii=,
Signals at these two frequencies were sent from Stanford's 150-foot
dish to the spacecraft, which was Jquipped with receivers and
associated data processing circuitry needed to obtain the difference
ocbservation and to encode it digitally,

The spacecraft were spinning at about 1 revolution per second
and had a non-uniform antenna pattern, For engineering purposes, the
spacecraft receivers incorporated a capabjlity to record the strength
of each signal abodt 36 times per second in J0-second intervals, Thie
recording'capabiiity has since been usoa a8 a basis for the study of
scintillation of the radio signals in the solar wind, Here we present
1istings which form one part of that study of the scintillation of
Pioneer 9 signals over a wide range of solar elongations,

The Pioneer spacecraft remain near the ecliptic plane, but two
of them pull steadily ahead of the earth and two of them fall behind,
In the case of the last spacecraft, Pionecer 9, it was launched 50 as
to move. ahead very rapidly with the result that, in 1970, it had
gained half a rotation, at which point it vas occulted by the sun,

As seen from the earth, the spacecraft slowly approached a position

behind the sun and then, in 1971, it emerged from behind the sun and
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continued its progress around the solar system, Dy making occasional
30-gocond rocordings of the signal strength ns dencribed above, we
have obtainod a body of recordings of the scintillation in the solar
wind which are reported here,

There 18 no similar body of observations available from any other
source, To our knowledge, there is no planned spacecraft which 1is capable
of performing this kind of measurement. The results of this experiment
are being processed by a doctoral candidate (H, Chang) and his work is
nearing completion, At this time,.we wish to make these results
avnilﬁble to others in the scientific community who may have an interest
in sayar wind scintillation, The data volume is too large to be included
in Chang'a dissertation and so we have determined that it is desirable
to presént the data in the form of three reports, This report is the "7
second in that series of three, In the first, we presented plots of _f
the nTpllxude fluctuations in the radio signal after correction for the
spinniﬁg;apncecraft antenna, In this second document, we provide a
1ist. of tﬁe digital representation of these same data, from which the
numbers could be rocoveréd in a form suitable for computer processing
by means of an optical data reader. For a limited time, we will be
prepared to provide these same data on magnetic tapes, It 1s the
author's judgement that optical character readers will become common
accessories in the computer centers of the future, as they are in
present-day newspapers. Then, this report will serve in place of a
tape, ‘

The third document will present both plots and numerical lists of

the spectra of these fluctuations, For many purposes, the spectra are
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the mpst informative data form, The autocorrolation functions and
the scintillation indexes have also boen documonted and are included
in that third document,

These three documents will receive limited distribution since
they nre‘intondod to serve primarily as an archive to be used as a
subJocp'tor future research in other institutions, No analysis or
discussioh_of these data is included in any of the three documents;
all such discussion is included in the work of Chang, which will also
include examples of the more 1ntere;t1ng plots and detailed explanstions
of how they were generated, His work will receive wide distribution
and will alert readers to the availability of the three archival reports,

These three reports are;

1. Plots of the signal strength vs, time; "Scintillations in amplitude
of simultaneous 50 and 423 MHz spacecraft signals at many elongations
due to turbulence in the solar wind", SU-SEL-75-025. By T. A. Croft,

M. L. Goldman and H. Chang.

2. Listings of the same signal strength records; "Numerical records
of the amplitude scintillations measured by Pioneer 9 at 50 and 423 MMz".

SU-SEL-75-026, By T. A, Croft, M. L. Goldman and H. Chang.

3, Spectral plots and listings, autocorrelations plots, and scintil-
lation indexes, "Processed data derived from the Pioneer 9 scintil-
lation measurements at 50 and 423 MHz near solar occultation",

SU-SEL-75-027, By H. Chang, T. A. Croft and M, L. Goldman,
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T — - e A




Chapter I1

ESSENTIAL BACKGROUND INFORMATION

Before presonting the 1isted data and the descriptions of the
formats used for the listing, 1t is necessary to provide some background
information about the dual-frequoncy system and its manner of commutation
into the telemetry system, This will wmake the listing easier to
understand,

Each measurement period last;d for 29,75 seconds when the space-
craft was running at its highest sampling rate, 512 bits per second,
This highest rate was used for the first 99 records. For records 100
through 105, a bit rate of 256 was used with the result that the records
lasted twice as long, However, the listings of those data are not
presented here because they were used only as a means for amplitude
calibration., At the highest bit rate, successive samples at one
frequency occur each 27,34375 msec, The amplitude of each signal ';l
athrnately sampled, so the 50 MHz Samples were taken midway between
the 423 MHz samples, and vice versa,

The measurements were taken in groups of eight, and engineering
words were inserted in place of some of the original measurements by
the spacecraft commutator., For the 50 MHz data, one in every sight
wordé was thus supplanted; for the 423 MHz, two out of every eight
were supplanted, This was the source of most of the data loss in the-—l
System, but the problem was not serious because of the uniform dls;r1~!
bution of the loss coupled with the fact that the scintillations undor‘

study are slow 1in comparison to the sampling rate.
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There 1s anothor source of data loss due to the presence of "sun
pulses” which were inserted once each spacocraft rotatfon when a light
sensor,ﬁofntod toward the sun. During the sun pulse, digital codes
were placéd in the telometry string in place of dual-frequoncy data,
Somotiges this meant the loss of one data point and sometimes two,
depending on timing., Since the Spacecraft rotation rate and the bit
rate were not coherently related, it will be seen that the sun pulse
falls in different places on different records and there is no pattern
to its placement, The sun pulses r;petition rate i» nearly constant
at 0,995 sun pulses per second, 1In fact, the small variations in
sun pulse placement were used by us as a basis for determining how
fast the spacecraft was rotating. This background information should
be of no practical value to the reader except insofar as 1t explains
the reason for the occasional losses of data, We have already removed
the effect of the rotating antenna pattern and so the spin rate 1is no
longer important unless at some future time an effort is made to improve
upon our correction for the variations in gain,

Due to the combination of sun pulses and the insertion of engineering
data, 15% of the 50 MHz samples have been 1ost and 28% of the 423 MHE
samples were lost, This loss occurred at the commutator in the Space~
craft and there was never any opportunity to regain access to the
missing data. The loss has not proved troublesome since the sanpling

rate was higher than necedsary,
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Chapter ITIX

CODING OF THE DATA LISTS

Thé 1ists included in this report are numerical ropresentations of
the snﬁe datn which are plotted in Chapter IIl of the first report in
the series. Of the first 98 records, 79 ylelded data of sufficlent
quality to warrant inclusion in the study and they were presented in
that first report, Here, we present the 79 corresponding listings,

It was decided to present these 1ists in a separate doéument because

the manner of their use would be quite different from that of the plots,
Also, the inclusion of both plots and 1ists in s single document would
lead to a‘hulky, avkward volume,

These 1ists are produced from decks of punched cards and there-
fore each line is no more than 80 characters long. We have found it
convenient to truncate the list to 70 columns because the information
{n the last 10 columns was redundant. This truncation simplified our
process for reproducing the lists and also enabled us to preseht the
]ists at the same size as the original computer listing. In the future
this standard size may make it easier to use a standard character reader
on these lists,

Each record is repremented by a 49,8 MHz listing and a 423 MHs
listing. These single-frequency listings can be as many as 68 cards
long, and each 1s preceded by a "header card" containing useful
jdentification labels and some information about the location of the
spacecraft which is essential to an understanding of the level of

scintillation encountered, The data cards are called "FIB" cards;
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wo follow a practice of beginning oach card with a J-lotter dosignator
so that we may later dotermine with these what kind of card it is,

To facilitate an explanation of the card formats, figures 1 and

1

2 have beon prepared, The header card is fully explainod by the labels

on this figure, However, some additional comments are nceded in order

to convey & full undorstanding of the meanings on the FDB cards, i

The card code, the frequency number and the card number are
sufficient to identify the location of a card within a record in case
there is an accidental scramble of the cards, The frequency number

is 1 for 49,8 MHz and 2 for 423 MHz, The card number simply counts from

1, up to as much as 68, 1dent1:y1ng‘the card sequence, All the rest
of the numbers on the card are 3-digit codes identifying a particular
decibel level, TFor example, 535 signifies a level of -153.5 dB, while
434 signifies - 143.4 dB. In other words, one must add 1000, divide
by 10 and change sign, |

Within the body of data there occur the numbers 1, 0, and -4
through -9, These are codes which replace the lost dats and it is
possible to tell from the céde what the original source of loss was,
Code "0" signifies the place where engineering data was substituted,
Code "1" signifies the location of a gun pulse symbol, We found by
trial that the earliest data were contaminated by faulty numbers
representing a transition from data to the sun pulse code in the raw
digital recérdings. Therefore we had to devise a detection algorithn.
sensitive to this transient state, All the transient dats have been
identified and replaced by the negative numbers -4 thrdugh ~9, Bince
the original sun pulse codes are replacoed by "1", the transient numbers

will be found to lie adjacent to a 1" in these listings.
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Iﬁ ﬁractico it {8 very easy to use theso numbera., One writes »
digi;al'codo which ignores any number which is small., (For example, eny
number less than 100 is not data.) From the larger numbers, subtract
1000, divide by 10 and change sign, The resulting string will be
found tolcorrelpond to the plots in Chapter 111 of the first report,

The listings constitute the remaining body of this report,
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